The heparin binding site of human antithrombin III. Selective chemical modification at Lys114, Lys125, and Lys287 impairs its heparin cofactor activity.
Heparin binds to human antithrombin III and accelerates its inhibitory activity in the blood coagulation system. Previous reports (Rosenberg, R. D., and Damus, P. S. (1973) J. Biol. Chem. 248, 6490-6505; Pecon, J. M., and Blackburn, M. N. (1984) J. Biol. Chem. 259, 935-938) have shown that selective chemical modification of a limited number of lysine residues in antithrombin III causes drastic loss of its heparin cofactor activity. We have performed chemical modification of antithrombin III with trinitrobenzene sulfonic acid in order to determine the location of these lysine residues. When antithrombin III was treated with 100 M excess of trinitrobenzene sulfonic acid for 10 min, about 3.2 mol of amino group per mol of antithrombin III were modified. The heparin cofactor activity dropped to about 25%, whereas the progressive inhibitory activity (in the absence of heparin) remained essentially intact (about 95%). The modified amino groups were identified to be Lys114 (75%), Lys125 (94%), and Lys287 (96%). These results were obtained by comparing and analyzing the cyanogen bromide fragments derived from native antithrombin III and the 10-min modified antithrombin III. When antithrombin III was pretreated with heparin, followed by trinitrobenzene sulfonic acid modification, the extent of modification at Lys114 and Lys125 decreased from 75% and 94% to 20% and 40%, respectively, whereas the modification at Lys287 remained nearly quantitative (greater than 95%). Based on these results, we conclude that Lys114 and Lys125 are essential for the heparin cofactor activity of human antithrombin III.